Surgical site infection (SSI) is a frequent complication of surgical procedures. The aim of this study was to analyze the clinical evidence for SSI prevention with triclosan-coated sutures (TCS) in abdominal surgery and to investigate the economic impact of TCS in this type of procedure compared with conventional absorbable sutures (CS). A literature review was carried out to identify meta-analyses that were published between 1990 and 2019 that assessed the use of TCS in abdominal surgery. A budget impact analysis was performed from an Italian hospital perspective based on the most recently published evidence to simulate the financial impact of TCS in a general surgery unit. Uncertainty was explored through scenario analysis, as well as deterministic and probabilistic sensitivity analyses. Nine meta-analyses and two additional randomized clinical trials were retrieved. All meta-analyses described a reduction (range 19%-44%) in the risk of SSI when TCS were used. The use of TCS was associated with an overall annual net saving for the general surgery unit of €14,785 and a reduction of 3.2 SSIs compared with CS. Sensitivity analyses resulted in a positive annual saving associated with TCS in 98% of scenarios. TCS are a valuable, cost-saving SSI prevention strategy. TCS additional costs would be offset by the reduction in SSIs.
Introduction
A surgical site infection (SSI) is defined as an infection that occurs within 30 days of surgery if no implant is left in place or within 90 days if an implant is left in place [1] . According to the World Health Organization (WHO) definition, SSIs may involve skin and subcutaneous tissue (superficial incisional), the deep soft tissue of the incision such as fascia or muscle (deep incisional), and/or any part of the body other than the incision that was opened or manipulated during an operation (organ/space) [1] .
Despite established preventive measures [2] , SSI remains the most frequent complication following abdominal surgery-defined as any surgical procedure on the abdominal cavity followed by abdominal wall closure-with an incidence rate of 10%-20% in contaminated and dirty surgery [3] . SSI is not only a surgical complication that affects the length of stay, it also has a significant impact on the patient's perceived quality of life. Moreover, SSI is an important risk factor for readmission, reintervention, and the development of incisional hernia [4, 5] , resulting in increased healthcare-related costs [6] . Postoperative infectious complications also negatively affect long-term outcomes [7, 8] .
Materials and Methods

Literature Review
Criteria for Considering Studies for Literature Review
Types of studies: Meta-analyses including randomized controlled trials (RCTs), RCTs not included in the meta-analyses, and systematic reviews with the target intervention (TCS) in one arm and in abdominal surgery were included. The endpoints included measures of TCS efficacy on SSI. Meta-analyses not including abdominal procedures or not performing a sub-analysis for abdominal procedures were excluded.
Types of participants: The review included adult patients undergoing abdominal surgery where TCS was considered to be an option to approximate any of the soft tissue layer of the surgical wound.
Types of interventions: The target intervention was the use of TCS to approximate any soft tissue layer(s) in abdominal procedures. The comparator intervention was the use of CS.
Types of outcome measures: Outcomes had to be quantitative and reported either on an intention-to-treat or per protocol basis in the respective studies. Compilations and comments were excluded. The primary endpoint was defined as overall SSI rates. SSI was defined according to the CDC criteria [1] .
Search Methods for Identification of Studies
The electronic databases PubMed (MEDLINE), Scopus, Ovid, Institute for Scientific Information Web of Science, and the Cochrane Central Register of Controlled Trials and Cochrane Library database (CENTRAL, CDRS, NHSEED and HTA) were searched from January 1990 to June 2019.
The search strategy used the following syntax: (plus OR antimicrobial OR triclosan) AND (abdominal OR intestinal OR bowel OR gastrointestinal) AND (suture OR sutures) AND ([literature AND review] OR meta-analysis OR meta-analysis OR [meta AND analysis]) AND (infection) AND "humans" [MeSH Terms]. No geographic limits were applied, and only articles in English were considered.
The reference list for each literature review was examined for missing studies within the scope of this review.
Study Selection
Following the removal of duplicate references, two reviewers (M.C. and F.C.) independently assessed the eligibility of each of the remaining pre-selected references by screening the titles, keywords and abstracts according to the systematic review eligibility criteria. The reviewers subsequently and independently assessed the full texts of all potentially relevant references for their eligibility. Following selection, discrepancies between the reviewers were resolved by discussion, and, when a consensus could not be reached, a final decision was taken by majority after consultation with the senior reviewer (L.G.). Multiple publications reporting on the same study were jointly analyzed as reporting one study. Reference lists of full-text articles were hand-searched to identify relevant publications that were missed.
The inclusion criteria for study selection were systematic reviews and meta-analyses including only RCTs investigating the role of TCS in abdominal surgery. We also searched for additional RCTs that were not included in the meta-analyses published between January 2013 and June 2019. The exclusion criteria were meta-analyses of studies that investigated operations other than, or not only, abdominal surgery, as well as observational studies. The most recently available meta-analysis that fulfilled the selection criteria was then critically appraised. The Appendix A table reports the list of all other published meta-analyses on TCS that were excluded from this study since they were not in line with the above-mentioned inclusion criteria.
Data Extraction and Management
Data extraction was performed in a standard electronic spreadsheet, with the reviewers independently extracting the data from all eligible articles. Extractions were compared and disagreements resolved by discussion or by consultation with a third reviewer. The following data and information were extracted: year of publication, number of studies included, number of patients included in the two groups, and outcome measurements (overall SSI risk including relative risks (RR), odds ratios (OR), 95% confidence intervals (CI), and all possible sources of bias).
Budget Impact Model
The economic model was developed in Microsoft ® Excel and used to perform a budget impact analysis in accordance with the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) guidelines "Principles of Good Practice for Budget Impact Analysis" [30, 31] . This analysis evaluated the impact of introducing TCS as an alternative to conventional sutures (CS), for the prevention of SSIs from an Italian hospital perspective, and more specifically from a general surgery unit. The model compared the incremental cost of adopting the technology with the potential savings derived from the reduction of SSI incidence on the total number of performed abdominal procedures. The model output consisted of a net potential saving for the surgery that was achievable by a total conversion from CS to TCS and a reduction of SSI episodes.
Model Inputs
The model included the following inputs: baseline SSI rate, SSI reduction, the additional cost of TCS over CS, the number of sutures used per procedure, and the cost of SSI. The baseline SSI rate was taken from an Italian trial that reported the SSI rate in 281 patients undergoing colorectal resection as equal to 10.6% [23] . SSI reduction, attributable to implementing TCS into clinical practice, was selected from the reviewed meta-analysis as previously described. The differential cost of sutures was assumed to be an additional €1 for TCS compared with CS. According to expert opinion, six absorbable sutures are required per abdominal procedure, with 600 sutures used when assuming that 100 procedures are performed annually. The cost of a single SSI episode was taken from an Italian study, published in 2000, that evaluated the hospital resources that are consumed to treat postoperative infections among patients with gastrointestinal cancer who underwent abdominal procedures [32] . The cost that was identified for each wound infection was inflated to 2019 costs according to the Italian Institute of Statistics Consumer Price Index of 1.296. An SSI cost-specific for an abdominal surgery and referred to the Italian environment-of €4,838 was therefore considered in this economic analysis. The cost breakdown was attributed to additional resource use (14%) and prolonged length of stay (LOS) (86%), as previously described [32] .
Scenario and Sensitivity Analyses
To assess the robustness of the primary analysis, scenario and sensitivity analyses were conducted from the Italian hospital perspective (general surgery unit). In the scenario analyses, the model assumed different scenarios from the base case according to the SSI risk reduction: 1) The SSI reduction rate was set at the lower bound of the CI, and 2) the SSI reduction rate was set at the upper bound of the CI. Uncertainties surrounding model parameters were also assessed through one-way sensitivity analyses that varied key parameters by using the 95% CIs where possible or by applying a ± 25% range of variation. The considered parameters included the baseline SSI rate, the cost of a single SSI, the number of sutures used per surgical procedure, and the SSI reduction rate. Furthermore, a probabilistic sensitivity analysis (PSA) was performed in which the above parameters were simultaneously varied by randomly sampling these values from the distribution assigned for each parameter for 1000 iterations. Distributions used for each parameter are presented in Table 1 . 
Results
Clinical Results
Nine meta-analyses were identified from database searching [28, 29, [33] [34] [35] [36] [37] [38] [39] (Table 2 ). After the critical appraisal of all publications, Henriksen et al. was selected as the latest meta-analysis that best matched the inclusion and exclusion criteria [28] . This meta-analysis included eight randomized trials that investigated the role of TCS in preventing SSIs in adult patients undergoing gastrointestinal surgery [20] [21] [22] [23] [24] [25] [26] [27] . In the pooled analysis, the authors found a significant reduction of SSIs in the experimental group (SSI rate 10.1% for TCS versus 13.5% for CS; OR: 0.67; 95% CI: 0.46-0.98; p = 0.04). Another meta-analysis, with similar characteristics that included 10 RCTs, published in 2018, was not considered due to an input mistake in the forest plot analysis of the TCS effect in gastrointestinal surgery [29] . In particular, for Diener et al. [21] , the authors considered 334 patients in the TCS arm versus 331 in the control arm instead of 587 and 598 patients, respectively, as reported in the original publication, thus resulting in an unreliable overall treatment OR.
The characteristics of the studies included in the Henriksen et al. meta-analysis are summarized in Table 3 . The heterogeneity among the RCTs was high: four trials [20, 23, 26, 27] encompassed only elective colorectal surgery, one [21] comprised all types of elective procedures through a midline laparotomy, another [22] included both elective and emergency laparotomies, another [24] evaluated only emergency surgery for fecal peritonitis, and the final study [25] analyzed only patients undergoing open appendectomy. The study sample size varied from 100 to 1185 patients; the role of laparoscopy was not clearly reported in the majority of studies.
Following publication of the above mentioned meta-analysis, two additional RCTs that investigated the role of TCS in abdominal surgery were identified [40, 41] . Ichida et al. [41] evaluated 1013 adult patients undergoing both laparoscopic and open gastrointestinal operations; the authors declared full adherence to the WHO recommendations for SSI prevention. After a follow-up of 30 days, the study results showed no difference between the groups (6.9% in the TCS group versus 5.9% in the control group; p = 0.609). Furthermore, no significant differences within all subgroups were identified when comparing interventions for different target abdominal organs.
Olmez et al. [40] reported a RCT that investigated the effect of triclosan-coated monofilament polydioxanone (PDS) compared to standard PDS on SSI incidence after laparotomy for any type of gastrointestinal disease in 890 patients. The Consolidated Standards of Reporting Trials diagram of the randomization process and the concealment assignment were not available. The authors reported antibiotic prophylaxis as the only standard strategy for SSI prevention. Likewise, patients in the two study groups had significant differences in baseline characteristics (Body mass index, smoking habit, anemia, hypertension, and diabetes mellitus) that are potentially involved in SSI risk. The overall effect of TCS was a significant but untrustworthy reduction in the rate of SSI (19.1% vs. 25.8% in the TCS and CS groups, respectively; p = 0.016). 
Economic Results
Base Case Analyses
A 33% reduction from the Henriksen et al. meta-analysis was used in the budget impact analysis (OR: 0.67; 0.46-0.98; p = 0.04), as established from the results of the literature review [28] . We considered that when the incidence of an outcome of interest was common (>10%), the adjusted OR that was derived from the logistic regression could no longer approximate the risk ratio. We therefore approximated a risk ratio from an adjusted OR ratio and derived an estimate of an SSI reduction that better represented the true RR [43] . The obtained RR (95% CI) was 0.70 (0.49-0.98), and, accordingly, a 30% SSI reduction for TCS introduction was used in the model.
The budget impact analysis estimated an additional annual cost of €600 for a complete conversion of CS to TCS. TCS reduced the number of SSIs by 30%, which led to the avoidance of 3.2 SSIs-over 100 surgeries performed-and associated hospital resources totaling €15,385 (€13,230 for additional LOS and €2155 for additional resource use). The use of TCS resulted in an overall annual net saving of €14,785. The additional €600 associated with using TCS compared with CS were offset by the SSI reduction. The model also calculated the minimal SSI reduction required to cancel out the incremental cost of TCS: The additional cost of €600 for advancing wound closure technology was offset by an SSI reduction rate of approximately 1.2%, equaling less than a single avoided SSI (0.1 episodes).
Scenario and Sensitivity Analyses
When assuming an SSI reduction rate of 2%, the economic model resulted in an overall annual net saving of €426. In this scenario, 0.2 SSI episodes were avoided, thus accounting for a saving of €1026. The incremental expenditure of €600 was offset by the SSI reduction risk. Conversely, when the SSI reduction was set at 51%, the annual net saving for the hospital was €25,554 with 5.4 SSI avoided episodes accounting for €26,154 of hospital resources.
The results of the one-way sensitivity analysis, represented as a tornado chart, are presented in Figure 1 . The variables with the greatest influence on the annual savings in the model were related to efficacy parameters (SSI risk reduction and baseline SSI rate), with other parameters that were related to cost events found to demonstrate a minor influence on the annual savings. The annual savings remained positive across a broad variation in the ranges for each parameter. The results of 1000 Monte-Carlo simulations of the annual savings are presented in Figure 2 , and the number of avoided SSIs, based on PSA, are presented in Figure 3 . The analysis demonstrated that the reduction of SSI episodes due to TCS ranged between 1 and 6 cases in 90% of the simulations. The mean (interquartile range (IQR)) annual savings that were obtained from the PSA was €13,935 (9068-18,665). The whiskers extended the IQR by 1.5 to a maximum of €32,369 and a minimum of −€4987. The analysis demonstrated a 98% probability of TCS being cost saving, based on the assumptions made. The results of 1000 Monte-Carlo simulations of the annual savings are presented in Figure 2 , and the number of avoided SSIs, based on PSA, are presented in Figure 3 . The analysis demonstrated that the reduction of SSI episodes due to TCS ranged between 1 and 6 cases in 90% of the simulations. The mean (interquartile range (IQR)) annual savings that were obtained from the PSA was €13,935 (9068-18,665). The whiskers extended the IQR by 1.5 to a maximum of €32,369 and a minimum of −€4987. The analysis demonstrated a 98% probability of TCS being cost saving, based on the assumptions made. The results of 1000 Monte-Carlo simulations of the annual savings are presented in Figure 2 , and the number of avoided SSIs, based on PSA, are presented in Figure 3 . The analysis demonstrated that the reduction of SSI episodes due to TCS ranged between 1 and 6 cases in 90% of the simulations. The mean (interquartile range (IQR)) annual savings that were obtained from the PSA was €13,935 (9068-18,665). The whiskers extended the IQR by 1.5 to a maximum of €32,369 and a minimum of −€4987. The analysis demonstrated a 98% probability of TCS being cost saving, based on the assumptions made. 
Discussion
SSIs primarily result from the disruption of the equilibrium between the quantity of inoculated microorganisms, their virulence, and the ability of the immune system to clear them. TCS, which are coated in a broad-spectrum antimicrobial agent, reduce the bacterial load at the wound site, thereby potentially helping to reduce the risk of SSIs.
Meta-analysis is a useful tool in that it allows for data pooling from multiple trials and thus provides a more comprehensive estimation of treatment effects. However, this approach only partially restricted the confounding effect of the differences and heterogeneity among the included studies and populations. Among the available meta-analyses and in accordance with the defined inclusion criteria, we assessed and estimated the results of the 2017 meta-analysis reported by Henriksen et al. [28] as the most recently available evidence that fulfilled our clinical focus. The authors included all RCTs that evaluated the effect of TCS in patients who underwent abdominal surgery. The effect of TCS was evaluated in several studies that enrolled subjects with distinct patient-related and operation-related risk factors. There was heterogeneity between trials in terms of 
Meta-analysis is a useful tool in that it allows for data pooling from multiple trials and thus provides a more comprehensive estimation of treatment effects. However, this approach only partially restricted the confounding effect of the differences and heterogeneity among the included studies and populations. Among the available meta-analyses and in accordance with the defined inclusion criteria, we assessed and estimated the results of the 2017 meta-analysis reported by Henriksen et al. [28] as the most recently available evidence that fulfilled our clinical focus. The authors included all RCTs that evaluated the effect of TCS in patients who underwent abdominal surgery. The effect of TCS was evaluated in several studies that enrolled subjects with distinct patient-related and operation-related risk factors. There was heterogeneity between trials in terms of surgery type which included elective colorectal surgeries, elective procedures through midline laparotomy, elective and emergency laparotomies for any type of target organ, emergency surgery for fecal peritonitis, and open appendectomy. The pooled results yielded a significant 33% reduction in the odds of having an SSI after surgery for patients who received a wound closure with TCS versus CS. However, it should be noted that intervention type (elective versus emergency), target organs, and the lack of implementation of recognized peri-operative strategies to reduce SSI likely limit the ability to define the true effect of TCS, adding high heterogeneity and possible confounders. Two additional RCTs [40, 41] that were published afterwards did not contribute to solving these uncertainties.
The effect of TCS should, ideally, be evaluated in a population with a fixed risk of SSI and, importantly, in a setting where all the WHO recommendations [16] (Table 4 ) are fulfilled to assess the true "over the top" protective effect of this strategy. The heterogeneity of studies' settings in terms of adherence to SSI prevention guidelines can therefore be considered as an additional bias; however, these limitations notwithstanding, all nine published meta-analyses reported a consistent decrease in the risk of having an SSI with the use of the used TCS ( Table 2 ). Despite the fact that some of the available meta-analyses did not demonstrate significant differences compared to the control arms, the decrease in the SSI rate can still be considered important as it may result in a net financial saving even if the cost of TCS is higher than CS. 
Preoperative Measures
Shower before surgery with either plain or antimicrobial soap Mupirocin 2% decolonization in S. aureus nasal carrier in cardiac and orthopedic surgery Not remove patient hair, or if necessary, prefer clipper to shaver Antibiotic prophylaxis in 120 min preceding surgical incision Adequate surgical hand scrubbing Oral administration of multiple nutrient-enhanced formula before surgery Not interrupt immunosuppressive treatment
Intraoperative Measures
Skin preparation with alcohol-based chlorhexidine gluconate solution Use wound protector devices Consider prophylactic negative pressure therapy in high-risk wound Not use plastic adhesive incise drapes Not use antimicrobial sealants after surgical site skin preparation Administration of oxygen with 80% FiO2 Use warming device Use protocol for intensive blood glucose control Wound irrigation with aqueous povidone iodine solution before closure Not perform antibiotic wound irrigation Use of triclosan-coated sutures for the purpose of reducing the risk of SSI, independent of the type of surgery
Postoperative Measures
Not prolong antibiotic prophylaxis in postoperative period Not continue antibiotic prophylaxis due to presence of drain Administration of oxygen with 80% FiO2 for 2-6 h post-op Appropriate wound evaluation and management Not use advanced dressing of any sort, prefer standard dressing Abbreviations: SSI, surgical site infection.
A budget impact analysis was performed to evaluate the economic impact of adopting TCS into clinical practice from the perspective of a general surgery unit in an Italian hospital. The model demonstrated that the incremental cost of adopting TCS was offset by the cost of SSI episodes that were avoided. Despite an upfront incremental acquisition cost of €600, the use of TCS resulted in an overall annual net saving of €14,785 for the institution. Furthermore, sensitivity analyses demonstrated that, across a broad variation in the ranges for each parameter, the annual savings remained positive with a 98% probability that TCS was cost-saving.
Leaper et al. [44] , by using a deterministic decision-tree, a stochastic cost model, and the National Health Service (NHS England)-based cost of inpatient admissions for infections and differential costs of TCS versus CS, estimated a significant mean saving of £91.25 per surgical procedure from using antimicrobial sutures across all surgical wound types. This is aligned with the findings in this analysis, where the overall saving was split for single hospitalization with a saving of €147.85. This was further supported by three trials that were published between 2007 and 2013 that evaluated the clinical efficacy and economic impact of TCS and which demonstrated a net economic saving resulting from adopting TCS rather than CS [26, 45, 46] .
The relevance of this study to the Italian healthcare system lies in the use of Italian-specific input data for SSI risk and SSI cost. This analysis could therefore be valuable to support decision-making processes at the hospital level in Italy. The robustness of the model is increased by the performed sensitivity analyses; however, the limitations of the model lie in some of the inputs being extrapolated from literature research, not being real-world data, or being inflated to current values from outdated data like the SSI cost. To alleviate this, additional analyses, based on recent real-world data from one or more Italian hospitals could be performed to demonstrate the real budget impact of adopting TCS into Italian clinical practice.
Hence, in the decision-making process to adopt a new technology or device, a robust economic analysis should always couple the clinical results to gather additional and essential information on the potential dominant cost-effectiveness ratio.
Conclusions
This critical review provides an overview of the available evidence on the role of TCS in preventing SSI in patients undergoing abdominal surgery, and it reports the economic impact of adopting TCS into clinical practice. The results did not completely rule out and solve the conflicting results in the literature on the clinical benefit of TCS on the prevention of wound infection. However, the economic cost model that was used in this study found that the use of TCS results in significant and robust cost saving from the perspective of an Italian hospital that performs abdominal operations. The results might be transferred to many other different hypothetical settings. Triclosan antimicrobial surgical sutures should be considered for wound closure as a cost-saving measure to prevent SSIs.
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